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(54) BORON STEEL GEAR EXCELLENT IN FATIGUE RESISTANCE AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To eliminate distortion of a gear and to markedly improve its fatigue strength and 
toughness by suppressing growth of grins at the time of carburizing and the formation of TiN inclusions which 
are defects in a boron steel gear. 

SOLUTION: This gear has a chemical componental compsn. contg., by weight, 0.10 to 0.30% C, 0.01 to 0.50% Si, 
0.3 to 2.0% Mn. 0.005 to 0.050% S. 0.10 to 2.0% Cr, 0.005 to 0.100% Nb, 0.0005 to 0.0050% B and <0.0150% N, in 
which, as for impurities, the content of P is limited to <0.030%, Ti to <0.005% and 0 to <0.0030%, furthermore 
contg. Al in the range of 0.010%<AI<0.150% in the case of B-(1 0.8/1 4)N>0.0003% and in the range of 27/1 4{(N- 
(14/10.8)B+0.024}<AI<0.150% in the case of B-(1 0.8/1 4)N<0.0003%, and the balance Fe with inevitable 
impurities. Then, an effective hardened layer having >550Hv Vickers hardness is formed to a depth of >0.30mm 
from the surface. Carburizing is executed in the temp, range of 850 to 1000°C. 
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K«!&flI)#m*E«|*t£ 4 - 1 1 -28 






(74)«aA 





(54) ws»«fcflinfe^D>«#*fe«i:^<7)is[i&^rj* 



(57) imm 

mm] #D>»HMi©>tjftT*««K«f ©it**© 

Iffi&^m] C : 0. 10~0. 30wt. %, Si : 

0. 01~0. 50, Mn : 0. 3~2. 0, S : 0. 005 ~0. 050, C 
r : 0. 10 — 2. 0, Nb : 0. 005 ~0. 100, B : 0. 0005~0. 00 
50&tfN : 0. 0150£HT*#*rU ^MftiUTP : 0. 03 
0 WT, T i : 0. 005 fiTFfttf O : 0. 0030£TFI;:IRJ£ 
U 5CA1SB- (10.8/14) N^O. 0003 wt. X <£>B$ 
tt, 0.010 wt. 1 ^0. 150 wt. *©|gfflrt, -tLT, 
B- (10.8/14) N<0. 0003 wt. % 27/14 

{ (N-(14 /10. 8) B +0.024 } 1 ^0. 150 wt. % 

ftSftSMtfliarttU t*-y#-X®£Hv^550 T» 
«E*£850 ~1000 < C(Dfi«$BHF*3T*fT^tP. 
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[gf^Sl] C : 0. 10~0. 3 0wt.X, 

S i : 0. 0 1-0. 5 Owt. X, 

Mn : 0. 3-2. Owt. X, 

S : 0. 0 0 5-0. 0 5 Owt.X, 

C r : 0. 1 0~2. Owt.X. 

Nb : 0. 0 0 5-0. 10 Owt. X, 

B : 0. 0 0 0 5 — 0. 0 0 5 Owt.X, isj;^ 

N : 0. 0 1 5 Owt.X&TF 

P : 0. 0 3 Owt. X£TF. 

T i : 0. 0 0 5wt. X£J(T\ *5<fctf, 

O : 0. 0 0 3 Owt.XETF 

KEBJtU ££K:A 1 £, 

B- (10.8/14) N^O. 0003 wt. X ©B#te, 

0. 010 wt. X^A 1 £0. 150 wt. X. fLT, 

B- (10.8/14) N<0. 0003 wt. X ©P$te. 

27/14 { (N-U4 /10. 8) B +0.024 } 1 ^0. 15 

0 wt. X 

fflfiSc^WU J.t3, b'-vA-XlSHv^SSOTi&S 
6 0. 30 mmJ^±i;T»^f&S 

N i : 0. O 1~1. O Owt. X, 43 «ktf, 
Mo:0. 01~0. 5 Owt. X 

[§»*E3] C : 0. 1 0-0. 3 Owt.X, 

S i : 0. 0 1~0. 5 Owt. X, 

Mn : 0. 3 — 2. Owt.X, 

S :0. 005 — 0. 0 5 Owt. X. 

C r : 0. 10 — 2. Owt. X, 

Nb:0. 005-0. 100 wt. X, 

B : 0. 0 0 0 5-0. 0 0 5 0 wt. X, io^ZS. 

N : 0. 0 1 5 Owt.XJWT 

P : 0. 0 3 Owt.XJ^T. 
T i : 0. 0 0 5wt. XSI.T. *5<fctf. 
O : 0. 0 0 3 Owt.XKT 
KIRjgU 2 6KA 1 

B- (10.8/14) N^O.0003 wt. X ©l#tt. 

0.010 wt. X^A 1 ^0. 150 wt. X, -fLT, 

B- (10.8/14) N<0. 0003 wt. X ©l$tt. 

27/14 { (N- (14/10. 8) B +0.024 } ^A 1 ^0. 15 

0 wt. X 



2 

mztz\mfr$:mfflf£mvT%wzmmL, %t>nttm 

iPIL« 8 5 0- 1 0 0 0 < C©i&SfenrtTSjB?U # 

%mzmnrz#u>mmm(Dmmj}m. 
[»*«4] ta#m3msL<Dmm<D<k¥tfiftmtiiiz. 

N i : O. Ol-l. 0 Owt.X. *5«fctf. 
Mo : 0. 01 — 0. 5 Owt. X 

&. 

[0 0 0 1] 
[0 0 0 2] 

20 ra*©a#] sa^SR«Ani,Tfffl$nsiM 

l»fflft*«9at)Otl/T, JISG 4 0 5 2 (j&A 
ntt*«Kbfc*jfiffl«!IPI«) ©SCr420 (Cr : 
0. 8 5-1. 2 5wt. X) ^SCM4 2 0 (Cr:0. 
8 5-1. 2 5wt.X. Mo : O. 15-0. 3 5) 

tf^nso L^bie^, mtt?xb<D{&m. mine© 
[0003] ®mm® «mmm&£zsi&ikm'&&® 

T, ±<!:LT«^AnircfcoTSffi®{fc;* ■&£§§) © 
so C r £<J;tfMo-a-#*£-Rf, N©iSMSrB?.„ 
©**©SajfiXST, JfcWfflffifc J: U & 

[0 0 0 4] £©±5fc*#©|ft«*<ftTStf*#fls£ 

1/*>U mmmiZ^XitC r^MoHg^iAW 
ISiB.Ml©f£&£«6#f *fc»&*Sft7C*T»»3, 

40 [0 0 0 5] £©i5teC r^Mofcfflttl/fcJi^KlfB 
£^-£M&Slffl£&8?©rail«:fl?*M£ffl tt5t>OtL. 

ttH»sf?P>T?»-3T. gffc^ (BN) tLT#fttl> 
Ttt, T i «raSHPUTN*T 1 N©»ttTBJ£U B# 
so fli, 0f*.tfttffiflB 5 7- 7 0 2 6 1 *&SM3 JztWSWBB 
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3 

5 8- 1 2 0 7 1 9^4i«KBB*SnTVi*. 
[0 0 0 6] 

iftmm&vzst-rzwim] ^a>mizmuasnrz 

T i tt±JfiUfcJ:5tN«:T i N©»*T?H3£-r*. l> 
frlsfcifiZ* T 1 NttttRW*?Hfta©M«l4LT 
BtKSlEtiOT, £na»*#©fij&i:fcD. MU3 

**. *fc, «M©T i Ntt«if©K«Sffi£{gT£ 

fit, c©«k5*c3En*«&<, 

[0007] $&, 3j?D>*tt«K«jcisa«c*«si^t 
L^-r<> £n#»*©3s** h^soi 

tt, ±i£UfcraB**ifeUT. T igisflnM©t£#©#a 

t»ffltU ffi*(DS CM4 2 Oj}«ttSg*©fitt*J: 
tW»SME*«A, fit?, £&te*©IM«£J:0*#& 

[0 0 0 8] 

^j*SM38T^<««W^**tafc. ^©^*, T i £ 
i^in-e-f, mtplz&ilZA 1 -B-N©fl:^¥«lcJ:0 

[0 0 0 9] »#fllE«©W*#ttC«nfc#n>jP! 
(a) ffc^figfrM/S 

C:0. 10~0. 3 0 wt. X, Si :0. 01~0. 5 
0 wt. X, M n : 0 . 3 ~ 2 . 0 wt. X, S : 0 . 0 0 5 ~ 
0. 0 5 Owt.X, C r : 0. 1 0~2. Owt.X, Nb : 
0. 0 0 5 ~ 0 . 100 wt. X, B: 0. 0 0 0 5 ~ 0 . 
0 0 5 Owt. X. 43«fctf, N : 0. 0 1 5 Owt. XHT^t 
WL> ^FiWiJiLT, P : 0. 0 3 Owt. XJWT, T i : 
0. 0 0 5wt. 0:0. 0 0 3 0wt.X« 

3Sic, AlSr, B- (10.8/14) N^O. 
0003 wt. X ©Bftt. 0. 010 wt. X^A 1 ^0. 150 wt. $©16 
Hrt, f LT, B- (10.8/14) N<0. 0003 wt. X ©P# 
«, 27/14 { (N- (14/10. 8) B +0.024 } 1 ^ 
0. 150 wt.X©«HPr&*fU 38«*tF e 43 «fct^^r»W 

[0 0 10] (b) 



4 

[OOli] W*3S2B*oW*»ttt:«nfc#n>»! 
Mf*!U lE*©S89i{;:i3V>T. *0>{k¥tfL&m. 
f&izWiZ, N i : 0 . 01-1. OOwt.X, £<fctf. M 
o : 0. 01~0. 5 0wt.X^6^-5P*^S«n/tl 

aa±* Win LtMt * d t i:H«stt5 fe©Tfe 
[0012] w*5j3aE*©»*»ttfc«nfcj]«n>« 

U #6nfcA#*«jt*fctt/4s±(tf«I«lliPXKJ:0 
#*^«lCiPXL-. 8 5 0~1 0 0 0'C©MIlrt1r 

*rr*fc©T»5. 

[0 0 13] W#*4E«©W*#ttK:«nfcjtfP>»! 
»*©»ifi**fett, »*«3E«©5!Wtr43l/>T, ■€■© 
{b^J&#fflj£frMf:> Ni : 0. 01-1. OOwt. X, 
20 43J;tf, Mo : 0. 01~0. 5 0 wt. %#>e>&3fflto> 

stfnfc i ■ei±*MunbT^*-rs c tiz&m&m-r 

•3t>©T&-5„ 
[0 0 14] 

[0015] H") JfcjR (C) : 0. 10~0. 3 Ow 

t.x 

w*#o . i owt. %*»Ttt8fs©§&aE£*«t**©# 

30 H*T»*tft, 0. 3 0wt.X*je*.5£«tt©ffiT#* 

ar<fc*. tt^x, cttfiio. io~o. 3 0wt.x 
©lefflrttcpssf -s>. 

[0 0 16] (n) yijn> (Si) : 0. 0 1~0. 
5 Owt. X 

s i \tz\(D%m\z&^T\mija-rz>&m\zte^&> mm 

Xgt'fc^TttS i \tA 1 t©*R]KKl:»**5fi»f 

u o. 5 owt.x&a*.*£a«K:*i5nij££'r*. a 

ot, SiM$IJ0. 5 0wt.%£TFfclE5rr*. fc 
0. 0 lwt.XSS©S i \tt~ejmmiz5!kg-?z>. 

[0 0 17] (A) 7>^> (Mn) : 0. 3~2. 0 
wt. X 

Mn«g|©$&Antt£Sg&U SfcS^MnStLTH 

\z&mtz7imT$>z>o Mntwo. 3wt.x*#rm 

Hfa©fftflESW«-r*©*«HltT»*. 2. Ow 

tiO. 3 0-2. Owt. XWteBftKfg^S. 
bo [0 0 18] (— ) gEH (S) : 0. 0 0 5-0. 0 5 
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(4) 



Owt.X, 

0. 0 0 5wt.%*«T?««»Jtt*«^S. 
0. 0 5 0wt.%£iBA*iWtt#£flrt--5. ItoT. S 
^W^ttO. 0 0 5~0. 0 5 Owt. X©«6Hl^»CfE^-r 
5. 

[0 0 19] W i'DA (Cr) : 0. 1 0~2. 0 
wt.% 

C r tm<Dto*>ft&*WR*Zi£1b\Z&mtX.7cM"Cjb 

o. i owt. %nffiT°\zmmcD%km& 
m&-tz<D&mmT$>Zo 2. owt.x«r@A5t 
«ntt¥tffcWttfc«tt«£#aga«#fl;r*. tot, 

Crtt$B0. 10~2. Owt.XOltSHFJKIBjrr 
3. 

[0 0 2 0] W (Nb) : 0. 0 0 5~0. 

1 Owt.* 

JtU *#©2#*fc £©5B91©fiM&|g 
ih-r*©T, ttfttt©«*fctoihK:W3&T»*. £©a 

w©^fe('«Nb$ro. 0 0 5vt.%sk±mua-t^^m^ 

0. 1 Owt. X*jB*T*D0UTt)a**tt«aW 
U h*iji5<&5. Nb^*tt0. 0 0 

5~0. 1 Owt. SSCDlEHF'gtr^^^o 
[0 0 2 1 ] (h) #n> (B) : 0. 0 0 0 5~0. 
0 0 5 Owt. % 

*T&5. £E3#BK±*jftAnttifij±©jfc«>K:ra:, 
gfctti (bn) , ftfcgf (bo **n«ift3Mti» (b 

(C, N) ) © i ^ ^llt ^rs T^&^HSB ©# 
W8T»5. 5fc»JCttH*B* 
0. 0 0 0 3wt. XBLhllftU &-Db—9)VB (EtT, 

r B J tt^S) tLTO. 0 0 0 5wt. %&>±m&-t 
&&mtfi3b&. H*B#0. 0 0 0 3wt.X*»«t, M 

|6]±LfcH. — ^r, B^*0. 0 0 5 0wt.X£j@x.5tB 

<&•§>„ t£oT, BtWUO. 0 0 0 5 — 0. 00 5 

owt. xwteBftfcKs-rs. 

[0 0 2 2] W « (P) : 0. 0 3 0 wt. XtTF. 
3 Owt. SSJ&TFtcEgjrrSo 

[0 0 2 3] (ij) (Ti) : 0. 0 0 5wt. 

T 

B — (10. 8 /14) N^O. 0003 wt. 
0. 010 wt.X^A 1 ^0. 150 wt. % 



<K5rf5. IT. T i RsrTSIlfcK 

ftj-r * ^ t n «t o s?ft-r t r «n t ©sg^#& < 

*KHtA*. Hot, *5ftWTttT 1 tt^««j"C» 0 
tf5fc'(^a^S«!±U. -tUTT i #0. 0 0 5w 

*ttO. 0 0 5wt.J!KTtLWtntoe 1 S:U„ 

[0 0 2 4] (*) mm (O) : 0. 0 0 3 0wt.X«T 
OilA 1 t&-&lsTT)l>S.T&ft&®&Mmi>, TIN 

fLTO^O. 0 0 3 Owt. 
t. ±E*#*fiSn*. tot, O^f¥tt0. 00 3 

o wt. t v m inter* s i* v ». 

[0 0 2 5] OW fijR (N) : 0. 0 1 5 Owt. %£CF 
20 NttBt^lTBN^ML, B*Btt**fiTS 
•&?>©TB©ttAntta*SrM-r-5o L*>U NttAl 

r*. l^u n^*o. o i 5 on.%&mA.z>t, mm 

Zfm&Wl1&-F<DffiK£t£Z><D-V, N\t0. 0 1 5 Owt. % 

[0026] ^(DTmmz-D^T\tmzm^vr^K 

^©Sitt^WiiDTfe-So ±j£L£iI0. Z\<D%W\Z 
UHTNtliii&A 1 N©fltlifflM$t5. ffi 
so ^T, TI2 (50 OflTRStiiOOA 1 tWWW 

*»«f©N^w*tt, ant, mMSttmT&jn, sp-s. 
o. 0 0 2/jio. o o 3*l tsk±esnati*z.£tfi*k 

40 [0 0 2 7] IS»?fflX^7^^©iftfi[*3«k^«« 

^r*«o. o i 5 Owt.xe*ite*;i£<b*o»3i0> 

T, ±IB«l&K«fc9±ISM*l»rr*. 
[0 0 2 8] £t±«kO, N-&*^«±(SM©*€r(S^ 

U 0. 0 1 5 0wt.XWT£-rSo tvxTmmtm^. 
(9) T;P5^>i7A (A 1 ) : 

x (i) <Dmz, 

(2) 
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(5) 



8 

©P$«. 



B- (10. 8/14) N<0. 0003 wt. X (3) 

(27 /14) {N- (14/10. 8) B +0. 024 } 1 ^0. 150 wt. % 



Z>. A 1 tfN&mfelsfztglZtkl&'tZA 1 N(i, T i 

?%z\t\z£?T&m&m^m&zfa±.2ii:z>%}% : zm * >o 

B- (10. 8/1 4) N^O. 
£?S;£-f«£rt;:te, 0. 0 0 0 3wt.%«±©H^B^« 
«2n-5„ (1) #J;U£. B = 0. 00 2 

5wt.X©B#«. (1) iCt«tO, N^O. 0 0 2 9wt.X 
/W#£tt&#>e>> N^'O. 0 0 2 9wt. %JWTTSn«H 
*§B£0. 0 0 0 3vit.%£X±.mirZ\trfT~2%Z.t%7jk 
■t &©T&-5 = 
[0 0 3 0] BttftNMftont: (1) iC^fiK 

Diottti i^B^o. o o o 3wt. m±«ffi£n* 

O. OlO^Al^O 
[0 0 3 1] (9-©) dWlttLT, B^fin$^£, 

b mt^mm&i \z n i is^-r s b l ?i h fcaau© * 

B- (10. 8/14) N<0. 
te:£:M, Bt^tSOT. H*§B£0. 0 0 0 3wt.X 

et±*«-r*c:t*»T€rttii. tct, n 

L^A 1 ©SfcJg^U B ttS^t* *N©**«6 t 

■6, @^B»*0. 0 0 0 3wt.X£U:K:*«-r*. -to so 
IS. Al©±©ffi£0. 1 5 Owt.XiSAKii^-rt. ±-6 

(2 7/1 4) {N- (14/10 



(4) 

[0 0 2 9] (:?—<£» BHNt^LIlifflT, 



-5c tot. B©tt*il«. ft**»wirNtiis^-r* 
Btioo. o o o 3wtxa±*^»#, ait, TIB 

(1) 5S : 
0 0 0 3wt.X (1) 

A 1**0. 0 1 0wt.X*«TttK»:fl*+«-Tfc 
< . Wmmtfi 0 . 0 0 3 0 wt. KiiTJR f-%ft&®> 

\z£%&%&&S5£ztm&<Di&i : mmtt£z. a 

1£0. 1 5 0wt.X£j@ATi«=SaT-5£, gMitigB#© 

9ii:=kDTO=©{gT£ffl<. tot, A1M$I1 T 
12 (2) 5t : 

(2 ) 

0 0 0 3wt.X*#§©*§^, BP*., Tf2 (2) 



1 5 Owt. % 
★ B£*0. 
5£: 



fiD-rsdi^g-e&s. (5) ittt, #j;t«. n= 

0. 0 0 3 Owt.XTB=0. 0 0 2 5wt. %<DtBit. A 
1£0. 0 4 7wt.X£JLt, N=0. 0100wt.XTB = 
0. 0 0 2 5wt. %<Dt^\t, A1£0. 0 6 Owt. %U± 

[0033] BtNtcran (3) ^oa^-p 40 

A 1#0. 0 1 0wt.Ji*j«TttJKKj&«H-»Tf&<, 
KSStfO. 0 0 3 Owt. %*mxx7 )\,^j-%ftl£mz 
«t4*»!ftaE*sJ:^«tt©fiTIRHttt*. -2f, Al 
*0. 1 5 Owt^SriBA-CSlwrit, a»«fifil^©/ 

x;was*o^>«*o»tt©fiT*iB<. ft^x. Ait 
(3) st©«£T»oTt>, 4>fc<£*>o. o 

io^ai^o. 15 owt.%*»&attwitffc&r. 

It. i^L^ct^t, TR« (5) 5SfcJ:-3-n£a:<5 
i©Ml; (3) aciMS^itStt, (5) 3,<D&m bo 



0 0 0 3wt.X (3) 

TKBM©*£if^-f. 

[0 0 3 2] AlttfOTIi^CifcO, M*£SH 
fc*5tt* iI#©#§Afi« 9 2 0 tTli§B^ 0 . 0 0 0 
3wt. XfiUifiSffif 5. ^-©fc&JiIte, Al-B-N«® 

(5) a : 
i. 8) B+ 0. 0 2 4) ^Al 
(5) 

te^no. o 4 6 tmffi^n-s. 

[0 0 3 4] fcT. A 1 <£%m<DTmZ (5) 

$>0> ±mZ1%\Z0. 1 5 Owt. X£-f^#T&-S>. BP 
A1M$IJ±E (4) SCfcidfc-rttHrtfclSjrr 

[0 0 3 5] gllli, #fg9i©fBfflrt© A 1 ^W¥TEE 
M©N^W3^©ft#tt£, B^*A«0. 0 0 0 5, 
0. 0 0 2 543<fctf0. 0 0 5 0 wt. XroS-lf-g-C^I^T 

[0 0 3 6] B = 0. 0 0 0 5wt. X£i6l>£:£ : N#, 
N^O. 0 0 0 3wt. X&£>, A 1 £ 0 . 0 1 0 wt. XtUi 
i^JjnTn«H?§N$r 0 . 0 0 0 3wt. XKU^lzmfc-fZ £ 
<h#T#5tf<, N>0. 0 0 0 3wt. %£%.%> £A 1 £ 

o. o 4 6wt. %®A.mtiaLi3Ltfn\tmmB&o. ooo 

3wt.m±(r«g«f S^tdt-c^^n. HP-6, ffl^f#f, 
tlZN'Smmtl'TmA.te, N=0. 0 0 3 0wt.XS-5 
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(6) 



9 

n«:o. o 1 5 owt.x<D<h#tr«, fn-enAi=o. 

0 5 lwt.KfiLtfc-S^ttO. 0 7 5wt.X£U:i&!jnLfttt 
*l«HigB4 0. 0 0 0 3wt. %&>±\zmU?Z>Z.£WX 

B = 0. 0 0 5 Ovt.%£M<tZ-Dltt£ : N#, 

0. 0 0 6 lwt. KftS, A 140. OlOwt. ^±^Jn 

-r*u;£@*gB 4 o . o o o 3 wt. xsJLtmifii-r* £ t# * 



JO 

*T#-5„ N=0. 0 0 6 lwt. XgAfc-St^te 

0. 0 1 50wt. -tfHPftA 1 =0. 046 

wt.xfi*.»*^no. o 6 4n.%KK±mm-rtntmmB 
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